This paper endeavors to measure the consistency of a decision-making tool, popularly known as Best Worst Method (BWM), which is one of the latest developments in multiple-criteria decision analysis (MCDA). BWM is finding a vast arra of applications in the literature. Several investigators have extended this tool. BWM measures the weight of decision-making criterion and is recognized as a subjective decision tool. The first step in this method is to find the best and worst criterion, while we suppose several experts are asked to present their evaluation over set of criteria. The aim is to measure how these judgments are consistent and reliable. So, we statistically (using χ2 distribution) add a pre-evaluation to experts' opinion and analyze whether the agreement of experts' opinions is satisfactory and group opinion is established. This action improves the quality of the decision-making process by incorporating the reliability evaluation of experts' idea. This extension for BWM helps decision makers in facilitating and getting results that are more consistent for criteria evaluation. We present examples in sustainable construction and architecture project.
Introduction
Improving and extending decision-making tools is very popular among the academic community and researchers. Range of studies have been conducted to show the quality of decision-making increases when the consistency improves. This issue in multi attribute decision making is highlighted since decades. The fundamental complexity in many decision making condition is the theme of consistency and reliability (Leung & Cao, 2000) . One method that was under investigation many times is analytical hierarchy procees (AHP) (Alonso & Lamata, 2006; Xu, 2000; Aguarón, Escobar, & Moreno-Jiménez, 2016) . Like AHP which is a subjective decision making tool, (Rezaei, 2015) invented a new algorithm that operates based on a linear programing model. The method is named Best Worst Method (BWM) and practically due to its effective nature ereceived too much attentions in many fields and disciplines (Gupta & Barua, 2016; Rezaei, Nispeling, Sarkis, & Tavasszy, 2016; Rezaei, Wang, & Tavasszy, 2015; Ahmadi, Kusi-Sarpong, & Rezaei, 2017) .
Recently Zolfani, Yazdani, and Zavadskas (2018) worked on an extended version of stepwise weight assessment ratio analysis method. The authors used a statistical technique in order to test whether the experts agree on their judgments. The approach confirms the consistency of the method and allows decision makers go forward and rely on the results. In this paper we are going to apply the recent approach for BWM in order to check its usability and performance. Second section presents the algorithm, then an example about evaluating sustainable building factors are provided and a conclusion ends the debate.
Improved BWM method
Best Worst Method (BWM) is one of the efficient and recent born MCDA tool. Decision makers usually utilize it for determining the subjective weight of criterion. The method has captured many attentions in various applications as supplier selection, energy resources and air transportation quality. BWM is used to produce the importance of decision criteria based on expert (decision makers, respondents) attitude and in the classical version of BWM method there is no mechanism to test expert's attitude consistency. We suppose several experts are willing to present their judgment on some factors. How then all these judgments can be trustable and reliable is the question of this paper. In other words, we try to figure out how the results of aggregated opinions are consistent. The experts) are asked to evaluate each criterion based on their cognition, experience and knowledge and to rank them in order of their preferences (from best to worst). Then, we follow the following steps:
Step 1: Calculation of the average criterion values j t :
where jk t indicates the ranking of the j th criteria by the k th respondent and r is the number of respondents.
Step 2: Calculation of criteria weights ( j q ).
The criteria weights are calculated by dividing the average value of each criterion by the sum of the criteria priority (rank) values ( j t ):
The total criteria weight must be equal to one, signifying
and j t is the criteria priority values.
Step 3: Verifying the reliability of the expert opinions.
Step 3-1: Now, for the purpose of verifying the reliability of the expert opinions, dispersion in criteria ranking as given by the experts is first computed using Eq. (3), followed by the calculation of the variation of the obtained values using Eq. (4). Dispersion basically indicates the measurement of the variation between the multiple expert opinions.
Step 3-2: Determination of coefficient of concordance (agreement) for the experts' opinions: Determine the coefficient of concordance (W) of the experts or the respondents (eleven for the illustrative case study) opinions to express the reliability of individual expert opinion using Eq. (5).
 
where S is the total square deviation of the rankings of each criterion, expressed by Eq. (6).
In this equation, k T the index of reiterated ranks in the r rank, r is the number of respondents and n is the number of criteria. However, as the calculated value is stochastic; thus, significance of the concordance coefficient should be estimated. Kendall (1970) indicated that when n is greater than 7, a distribution with the degrees of freedom 1   v n should be considered by the experts or the respondents (eleven for the illustrative case study).
Step 3-3: Calculation of 2  :
Step (Fisher & Yates, 1963) . Once the agreement among expert opinion is achieved, then the mains steps for BWM is denoted:
Step 4: The decision maker (DM) determines a Set of decision criteria:   1 2 , , ,  n c c c .
Step 5: The DM chooses the best and the worst criteria. In this step, the DM chooses the best and the worst criteria among the set of identified criteria in last step. The best criterion represents the most desirable or the most significant one while the worst criterion is the least important one among others.
Step 6: The DM conducts pairwise comparisons between the best criterion and the other criteria. In this step, the goal is to identify the preference of the most important criterion to the other criteria. DM uses a scale from 1 to 9 (1: equally important, and 9: extremely more important). The comparison outcome is described as Best-to other vector:
Where Bj a represents the preference of the best criterion B over the criterion j and 1  BB a
Step 7: The DM conducts pairwise comparison between the other criteria and the worst criterion. Same as last step, the comparison results are expressed by Other-to-worst vector: Step 8: Calculating the optimal weights:   * * * 1 2 , , ,  n W W W , For more information of this method, refer to (Rezaei, 2015) .
An example of the proposed technique
In this section, an empirical example of evaluating factors in a sustainable building has been presented in order to establish the appropriateness of the adopted statistical approach for measuring the consistency of BWM. As the table shows, Eleven experts participated in this research considering these elements: Technical factors (C 1 ), waste disposal system (C 2 ), Environmental factors (C 3 ), Total costs of project (C 4 ), Safety and security factors (C 5 ), green or sustainable materials (C 6 ) and energy consumption control (C 7 ). The experts were demanded to rate each factor from 1 to 7. In case of BWM method, suppose each expert provides worst and best criterion. For example, Expert 1 considers C 3 as best option, and then he/she compares other criteria to that (for example C 1 6 times greater than C 3 ). We call this table (Table 1) efficiency rank of attributes. The next step is to find the attribute weights using Eq.
(2). As seen in Table 2 , all the computation are observed. (Table in appendix) , for (v = 6) and importance level of 1% is equal to 16.81. Then, because 54 is bigger than 16.81, the results are consistent and acceptable. Therefore, the experts can continue to compute the rest of the process. The weights are appeared in Table 3 and consistency 0.19 shows to what extent the results are reliable. -The hypothesis about the consent of experts in rankings is accepted 
Conclusions
In this paper, an improved version of the original BWM method has been proposed. It has been shown that adding an extra statistical algorithm at the beginning of the calculation of BWM is essential in order to check the accuracy of group decision makers. This strategy might be useful in other subjective criteria estimation tools like Decision making trial and evaluation laboratory (DEMATEL), Entropy, criteria importance through inter criteria correlation (CRITIC) methods etc.
